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Bestrophin-1 (Best-1) is an integral membrane protein, defects in which cause Best vitelliform macular dystrophy. Best-1 is proposed to
function as a Cl− channel and/or a regulator of Ca++ channels. A tetrameric (or pentameric) stoichiometry has been reported for recombinant best-
1. Using a combination of gel exclusion chromatography and velocity sedimentation we examined the quaternary structure of native best-1 and
found that it migrates as a single species with a Stokes radius of 7.3 nm, sedimentation coefficient (S20,w) of 4.9, and partial specific volume (ν) of
0.80 ml/g. The mass of the protein–detergent complex is calculated to be 206 kDa, with the protein component estimated to be ∼138 kDa. Given a
monomeric mass of 68 kDa, we conclude that native best-1 solubilized with Triton X-100 is a homodimer. The differences between this
observation and a prior report were examined by comparing recombinant best-1 with tissue derived best-1 using gel exclusion chromatography.
Much of the recombinant best-1 eluted in the column void (Vo) fraction, unlike that extracted from RPE cells. We conclude that the minimal
functional unit of best-1 is dimeric. This stoichiometry differs from that previously measured for recombinant best-1, suggesting that further
studies are necessary to determine the stoichiometry of functional best-1 in RPE membranes.
© 2006 Elsevier B.V. All rights reserved.Keywords: Ion channel; Calcium; Chloride; Oligomer; Centrifugation; Gel exclusion chromatography1. Introduction
Best-1 is the prototypic member of the bestrophin or RFP-
TM family of proteins [1]. There are 4 bestrophins in the human
genome. Best-1 is a protein of 68 kDa, is found in the
basolateral plasma membrane of retinal pigment epithelial
(RPE) cells [2], and is encoded by the VMD2 gene. Mutations in
VMD2 have been reported to cause Best vitelliform macular
dystrophy (BMD) [3,4], autosomal dominant vitreoretinalchor-
oiditis (ADVIRC, [5]) and adult onset vitelliform macular
dystrophy (AVMD, [6–10]. BMD is characterized by early
onset degeneration of the macula [11], a specialized region of⁎ Corresponding author. Department of Ophthalmology, University of
Arizona, 655 N. Alvernon Way, Suite 108, Tucson, AZ 85711, USA. Tel.: +1
520 626 0449; fax: +1 520 626 0457.
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doi:10.1016/j.bbamem.2006.01.024the retina with the fovea at its center. Both BMD and AVMD are
clinically characterized by an egg yolk-like vitelliform lesion in
the ocular fundus [12,13]. The hallmark of BMD is the finding
of an abnormal light peak (LP) recorded via electrooculography
(EOG), without aberrations in the a- or b-waves of the clinical
electroretinogram (ERG) [14]. This is the diagnostic criterion
that separates Best disease from AVMD. Despite this, at least
two mutations in VMD2 have been reported to cause both BMD
and AVMD [15]. EOG abnormalities have also been reported in
patients with ADVIRC, though typically these are also
accompanied by a subnormal clinical ERG response [16]. The
EOG LP can be monitored more precisely using DC
amplification of the ERG [17]. DC-ERG studies on chick
retina/RPE/choroid preparations have shown that the LP is
generated by a depolarization of the basolateral plasma
membrane of the RPE due to activation of a Cl− conductance
[18,19].
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membrane localization of best-1 [2], Sun et al. [20] hypothesized
that bestrophin functions as a Ca++ dependent Cl− channel and
that it directly generates the LP. These data are supported by
whole cell patch clamp studies of bestrophins heterologously
overexpressed in cultured cells [20,21] combined with the
finding that best-1 expressed in HEK293 cells forms homo-
tetramers [20], a structure consistent with a pore-forming protein.
Recently, we have shown that best-1 can also modify the kinetics
of voltage-dependent Ca++ channels [22] in RPE cells.
Here, we sought to determine the hydrodynamic properties
and molecular mass of the endogenous best-1 complex from
RPE cells. We find that the minimal unit of the best-1 complex is
a homodimer and that overexpression of recombinant best-1 in
cell culture leads to the formation of protein aggregates which
are not present in RPE cells in situ. Given the difference between
the current findings and a previous investigation that reported a
tetrameric stoichiometry, [20,23–26], we conclude that further
investigations will be required to conclusively determine the
stoichiometry of the best-1 functional unit in RPE membranes.
2. Materials and methods
2.1. Immunoprecipitation of best-1
Various porcine tissues and organs were obtained from a slaughterhouse
(Hatfield Quality Meats, Hatfield, PA). Tissues were homogenized in a lysis
buffer containing 1.0% Triton X-100 in 50 mM Tris, pH 8.0, 150 mM NaCl,
0.5 mM EDTA, protease inhibitor cocktail III (Calbiochem, San Diego, CA).
After centrifugation at 10,000×g at 4 °C for 30 min to remove debris, the protein
concentration of the lysates was determined using a BCA assay (Pierce). Best-1
was immunoprecipitated from quantities of lysate containing 1 g of total protein
using rabbit polyclonal anti-bestrophin antibody [Pab-125, [2]] as before [27].
Immunoprecipitates were resuspended in SDS-PAGE sample buffer, heated for
5 min at 95 °C and resolved by SDS-PAGE. After transfer to PVDF membranes,
best-1 was detected by Western blot using monoclonal antibody E6-6.
2.2. Cell culture and transfections
HEK 293 cells were maintained in a 95% air 5%/CO2 environment at 37 °C.
Cells plated at 60–80% confluency were transfected with wild type best-1
contained within the pAdlox plasmid using lipofectamine. Cells were harvested
by scraping into 1 ml of Ca++- and Mg++-free phosphate-buffered saline 48 h
after transfection.
2.3. Immunofluorescence microscopy
HEK 293 cells grown on glass coverslips were transfected with the plasmid
pAdlox-kBest using lipofectamine. After 24–48 h, cells were washed with PBS
and placed for 10 min in ice cold methanol. Cells were stained for best-1 using
monoclonal antibody E6-6 as described previously [2] with a FITC coupled goat
anti-mouse IgG secondary antibody. Coverslips were mounted in fluormount
and cells were examined using a Nikon E-600 fluorescence microscope. Images
were acquired with a cooled CCD camera and ACTII software (Nikon).
2.4. Isolation of RPE cells and sample preparation
RPE cells were harvested from porcine eyes in phosphate buffered saline
(PBS) as described previously [2]. Cell pellets were stored at −80 °C until use.
For gel exclusion chromatography experiments, RPE cells were further
fractionated using a modification of the procedure of West et al. [28]. In brief,
RPE from >50 porcine eyes were resuspended in 2 ml of 10 mM HEPES,
150 mM KCl, 2 mM CaCl2, 0.25 M sucrose, 100 μM phenylmethylsulfonyl-fluoride, and 0.1% (v/v) protease inhibitor cocktail III (Calbiochem, San Diego,
CA) and were homogenized using a Dounce homogenizer. The homogenate was
centrifuged at 5000×g for 10 min at 4 °C to remove intact cells and nuclei. The
supernatant was then centrifuged at 60,000×g for 90 min at 4 °C and the pellet,
which contained the majority of best-1, was harvested and stored at −80 °C.
2.5. Gel exclusion chromatography
Measurement of the Stokes radius of best-1 was performed using porcine
RPE membranes (enriched as described above), or whole cell lysates derived
from porcine RPE, or transfected HEK 293 cells. Membranes were solubilized
in 1% Triton X-100 in 10 mM HEPES, pH 7.4, 150 mM KCl, 2 mM CaCl2, and
soluble extracts were loaded onto columns (1.6×60 cm) of either Sephacryl S-
300HR or Sephacryl S-400HR (Amersham) that were equilibrated with 0.2%
Triton X-100 in 10 mM HEPES, pH 7.4, 150 mM KCl, 2 mM CaCl2. The
column was developed at a linear flow rate of 30 ml cm−1 h−2., and 1 ml
fractions were collected. Best-1 was immunoprecipitated from fractions using
Pab-125 as described previously [2] and was detected by SDS-PAGE and
Western blotting with monoclonal antibody E6-6. Columns were calibrated
using individually chromatographed standards (thyroglobulin, ferritin, cytosine,
catalase, aldolase, albumin, and RNase A) with known Stokes radius . The void
volume (Vo) was determined for the Sephacryl S300-HR column using Blue
Dextran and for the Sephacryl S-400HR column using plasmid DNA
(pBluescript). The total column volume (Vt) was determined using cytosine.
The Stokes radius of best-1 was determined according to the method of Laurent
and Killander [29] from the position of the major best-1 peak in 4 separate runs
of the Sephacryl S-300HR column and verified in subsequent experiments using
the Sephacryl S-400HR column.
2.6. Sucrose density gradient sedimentation
The sedimentation coefficient (S20,w) and partial specific volume (ν) of best-
1 was determined according to the method of Clarke and Smigel [30], assuming
that equal amounts of detergent are bound in H2O and D2O. Linear gradients of
5–20% (w/v) sucrose were prepared in H20 or 92% D2O containing 0.2% (v/v)
Triton X-100, 10 mM HEPES, pH 7.4, 150 mM KCl, and 2 mM CaCl2 using a
Gradient Master 107 (BioComp, Fredericton, New Brunswick, CAN). Samples
(500 μl) containing marker enzymes [1 mg/ml of lysozyme (2.1 S, [31]),
aldolase (7.7 S, [32]), catalase (11.3 S, [33]), and β-galactosidase (15.9 S, [34]]
were loaded onto gradients of 12.5 ml final volume and centrifuged in a Sorval
TH-641 rotor at 39,000 RPM at 4 °C for 16 h (H2O gradients) or 30 h (D2O
gradients). After centrifugation, tubes were punctured at their base and 0.5 ml
fractions were collected drop wise. Fractions were assayed for marker enzymes
as described in the Worthington Enzyme Manual. The fractions were analyzed
for best-1 by SDS-PAGE and Western blotting with monoclonal antibody E6-6
as described previously [2]. Blots were scanned and the position of best-1 in the
gradient determined by densitometric analysis using Metamorph, ver. 4.6
(Molecular Devices).
2.7. Estimation of molecular mass and stoichiometry of the
best-1/detergent complex
Calculation of the molecular mass of the best-1/detergent complex was made
after measurement of the Stokes radius, S20,w, and ν, and application of the
Svedberg equation as described by Clarke and Smigel [30]. Estimation of the
protein portion of the complex was performed assuming additivity of ν for
Triton X-100 (0.94 ml/g) and protein (0.74 ml/g), and calculated according to
Clarke [35]. Stoichiometry was determined based on the molecular mass of the
protein portion of the best-1–detergent complex and the molecular mass of
monomeric best-1 as determined by SDS-PAGE [2,36] following the
assumption that best-1 constitutes 100% of the protein in the complex.
3. Results
The characterization of membrane protein structure is
technically challenging; defining the stoichiometry of best-1
Fig. 1. Expression of best-1 in porcine tissues. Best-1 was immunoprecipitated from lysates of various porcine tissues/organs containing 1 g of total protein using a
polyclonal anti-best-1 antibody. Immunoprecipitates were resolved by SDS-PAGE transferred to PVDF and probed with a monoclonal anti-best-1 antibody. Lanes
containing porcine RPE were used as controls. Best-1 was found only in lysates from the posterior pole of the eye and not in any other tissue or organ.
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and of RPE cells in a single animal. A previous study avoided
the latter constraint by using metabolic labeling of recombinant
best-1 in cultured 293 cells [20]. That investigation measured a
tetra- or pentameric stoichiometry, a finding consistent with the
notion that this molecule acts as an ion channel. We wished to
examine whether native best-1 from RPE cells adopts a similar
quaternary structure, and choose the method of Clarke and
Smigel [30], as applied by Goldberg and Molday [32]. This
method, by taking advantage of hydrodynamic analysis and the
sensitivity of Western blot detection, allows for the determina-
tion of molecular mass (and thereby stoichiometry), of a low-
concentration and unpurified target protein. It requires knowl-
edge of the Stokes radius, sedimentation coefficient (S20,w),
detergent binding, and partial specific volume (ν) of the
detergent–protein complex.
Best-1 mRNA has been identified in RPE, testis, and brain
by reverse transcription PCR [3,4]. Since a large amount ofFig. 2. Gel exclusion chromatography of best-1 complexes. Porcine RPE lysates w
fractions were collected and the presence of best-1 determined by immunoprecipitat
analysis of band intensities (B) indicates that best-1 exists predominantly as a single
present in all experiments and most likely represents a small amount of best-1 mono
T=thyroglobulin, F=ferritin, C=catalase, A=aldolase, An=albumin, R=RNase A.best-1 would be required for our studies, we required an
abundant source of best-1. Our antibodies have been shown to
react with human, monkey, and pig best-1 [2]. Of these species,
porcine tissues are the easiest to obtain in large quantities. We
next examined the abundance of best-1 in porcine tissues.
Tissues were homogenized in a lysis buffer containing 1%
Triton X-100. For each organ or tissue, best-1 was immuno-
precipitated from a volume of lysate containing 1 g of total
protein. As shown in Fig. 1, best-1 was detected only in the
posterior pole of the eye. We have previously shown that best-1
is expressed uniquely in the RPE in the eye [2]. Therefore, we
conclude that the RPE is the sole source of best-1.
To determine the Stokes radius of best-1, RPE cells collected
from porcine eyes were lysed in a buffer containing 1% Triton
X-100. The lysate was applied to a Sephacryl S-300HR column
that had been pre-calibrated with protein standards of known
Stokes radius. Best-1 was detected in column fractions by
immunoprecipitation followed by Western blot (Fig. 2A). Fourere resolved by gel filtration chromatography using Sephacryl-S300HR. 1 ml
ion followed by immunoblotting (A) with anti-best-1 antibodies. Densitometric
peak with a Stokes radius of ∼7.3 nm. A single band eluting in fraction 59 was
mer. Panels shown are representative of 4 independent experiments. Vo=Void,
Fig. 4. Velocity sedimentation analysis of best-1 in D2O. Lysates of porcine RPE
cells were sedimented through a continuous 5–20% sucrose gradient prepared in
D2O as described in Materials and methods. Fractions were collected and best-1
detected by Western blot (A). The position of best-1 in the gradient was
determined from densitometric plots of the immunoblots (B). Panels shown are
representative of 5 separate experiments. β = β-galactosidase; C = catalase, A =
aldolase, L = lysozyme.
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species with a peak occurring between the thyroglobulin (8.5
nm) and ferritin (6.1 nm) standards. From the standard curve
(Fig 1b inset) the Stokes radius of detergent–best-1 complexes
was determined to be ∼7.3 nm.
To determine the sedimentation coefficient (S20, w), detergent
binding, and partial specific volume (ν) of best-1, velocity
sedimentation of RPE lysates was performed in 5%–20%
sucrose gradients containing 0.2% Triton X-100- formed using
either H2O (n=8, Fig. 3) or D2O (n=8, Fig. 4). Based on the
position of best-1 in the gradients as determined by Western
blotting, S20, wwas calculated to be 4.9±0.4, ν=0.80±0.02ml/g,
and detergent to constitute 31% of the complex or 0.48±0.24 g
Tx-100/g protein. These values together with the Stokes radius
were applied to the Svedberg equation as modified by Clarke
[35] to determine the mass of the detergent–best-1 complex.
That value was found to be ∼206 kDa. Adjusting for the
amount of Triton X-100 bound to the complex, the mass of
protein in the detergent–best-1 complex was calculated to be
∼138 kDa. Best-1 has a monomeric mass of 68 kDa based on
its primary amino acid sequence and SDS-PAGE [2,36].
Assuming the complex is comprised exclusively of best-1, a
finding consistent with our prior work and the findings of
others [20,36], we find that native best-1 exists as stable dimers
in Triton X-100 solution.
These findings were surprising, given a previous investiga-
tion by Sun et al. [20] that reported a tetrameric (or pentameric)
stoichiometry for recombinant best-1 expressed in HEK 293Fig. 3. Velocity sedimentation analysis of best-1 in H2O. Lysates of porcine RPE
cells were sedimented through a continuous 5–20% sucrose gradient prepared in
H2O as described in Materials and methods. Fractions were collected and best-1
detected by Western blot (A). The position of best-1 in the gradient was
determined from densitometric plots of the immunoblots (B). Panels shown are
representative of 8 separate experiments. β = β-galactosidase; C = catalase, A =
aldolase, L = lysozyme.cells. We hypothesized that differences in expression system
might account, at least in part, for the observed discrepancy in
quaternary structure and used size exclusion chromatography to
compare the behavior of recombinant best-1 with that from
porcine RPE cells.
To determine whether recombinant best-1 exhibits hydrody-
namic properties similar to those of best-1 from RPE cells, we
analyzed the Stokes radius of each molecule using gel exclusion
chromatography on Sephacryl S-400 (Fig. 6). Sephacryl S-400
was used in these experiments in order to increase resolution of
complexes with Stokes radii greater than 7.3 nm. As was
determined using Sephacryl S-300, in 0.2% Triton X-100, best-
1 complexes exhibit a Stokes radius of 7.3 nm. Best-1
complexes solubilized from porcine RPE migrated with
mobility reflecting a Stokes radius of 7.3 nm, similar to that
measured previously (Fig. 2). In contrast, in lysates of
transfected HEK 293 cells, best-1 eluted in a markedly different
fashion, exhibiting peak broadening, a shift to earlier elution
time, and heterogeneity (Fig. 6). The bimodal distribution likely
reflects at least two distinct populations, with the material
eluting in the column void volume representing highly
aggregated best-1. There is also a small shift in the main
peak, suggesting that a greater fraction of the best-1 is present in
larger complexes. This shift and significant peak broadening
might reflect partially unfolded protein or differences in post-
translation modification(s). Overall these results indicate that a
significant fraction (>36%) of the best-1 solubilized from HEK
293 cells exhibits a substantially different hydrodynamic
character than that solubilized from native RPE cells.
The observation that a major fraction of best-1 solubi-
lized from HEK 293 cells elutes with larger Stokes radii
Fig. 5. Immunofluorescence localization of best-1 in transfected HEK 293 cells.
HEK 293 cells were transfected with pAdlox-Best and stained for best-1 using a
monoclonal antibody against best-1 and a texas red labeled secondary antibody.
2 populations of cells were observed. Lightly stained cells (A) exhibited a
circumferential pattern of punctate staining consistent with a plasma membrane
localization. Brighter cells exhibited large intracellular perinuclear aggregates of
best-1 (B).
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recombinant best-1 in these cells. Fluorescence images of
HEK 293 cells expressing a best-1–EGFP fusion protein are
presented in Fig. 5. The transfected cell population showed
a heterogenous level of protein expression. Modestly
expressing cells exhibited a pattern of staining most
consistent with plasma membrane and endocytic localization
(Fig. 5A). More highly expressing cells displayed focal
intracellular accumulations of best-1–GFP (Fig 5B); a
pattern typical of protein misfolding and aggregation.
These findings are consistent with the SEC characterizationFig. 6. Gel exclusion chromatography of recombinant vs. native best-1 on Sephacryl
was compared to that of recombinant best-1 in lysates of transfected HEK 293 cells
immunoprecipitated from fractions and subject to Western blotting with a second anti
in native RPE eluted predominantly as a single species with a Stokes radius of ∼7.3
Fig. 1). A similar analysis of recombinant best-1 resulted in the identification of 2
column Vo and was not observed in native RPE. The second peak eluted at the same po
than that observed in lysates of native RPE. Data are representative of 3 independent
volume of the column determined using cytosine.of HEK 293 expressed best-1, and suggest that a significant
fraction of this protein may be misfolded.
4. Discussion
Explaining the pathogenic effects of mutations in VMD2 and
the development of Best vitelliform macular dystrophy (BMD)
will require an improved understanding of the structure and
function of the VMD2 gene product, best-1. BMD is
characterized, in part, by an abnormal EOG LP [14]. Since
activation of a basolateral Cl− conductance appears to underlie
the normal LP [18,19], it seems reasonable to expect that BMD-
associated mutations directly or indirectly affect a Cl−
conductance situated in the basolateral RPE membrane. Several
studies have presented evidence that best-1 functions directly as
a Ca++-activated chloride channel; however, all are based on
analyses using heterologously expressed proteins (reviewed in
[21]). In contrast, recent data derived from expression studies
using an RPE cell line suggest that best-1 acts as a voltage-
dependent Ca++ channel regulator [37]. In support of this
hypothesis, studies using overexpression of human best-1 in rats
[38] suggest that best-1 functions to modulate Cl− conductance
in RPE basolateral membranes. Overexpression caused a
desensitization of light responses—suggesting an indirect,
rather than a direct role for best-1 in generating the RPE Cl−
conductance. Best-1 molecular function is currently being
debated [39], and knockout and transgenic mouse modelsS-400HR. The elution profile of native best-1 protein in porcine RPE lysates (A)
(B). Following chromatography over a Sephacryl S-400HR column, best-1 was
-best-1 antibody. Inspection of densitometric plots of best-1 indicated that best-1
nm (C, black), consistent with our observations using Spephacryl S-300HR (see
primary peaks of best-1 immunoreactivity (C, red). The first peak eluted in the
sition as the best-1 peak observed in native RPE. However, this peak was broader
experiments. Vo=Void, T=Thyroglobulin, F=ferritin, A=aldolase, Vt = included
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1 and the role that best-1 defects play in BMD.
The current study aimed to determine the stoichiometry of
best-1 from an endogenous source. A screen of best-1
expression in porcine tissues (Fig. 1) found significant best-1
levels only in RPE. Therefore, our analyses were performed on
best-1 in Triton X-100 extracts of porcine RPE. Stoichiometry
was determined by estimating the molecular mass of detergent
solubilized best-1 using the method of Clarke and Smigel [30].
This approach combines several hydrodynamic measures to
derive molecular mass for a detergent-solubilized low abun-
dance integral membrane protein in a complex mixture; it
assumes that the species of interest is not interacting with other
components. Although in a previous study, we identified protein
phosphatase 2A as capable of physically and functionally
interacting with best-1 [27], that association was documented to
be weak and sub-stoichiometric.
Using gel exclusion chromatography and velocity sedimen-
tation, we determined the hydrodynamic properties of best-1.
Based on these measurements, we have estimated a molecular
mass of 138 kDa for the detergent-free best-1 complex. Given
that VMD2 encodes a 68 kDa protein, the predicted mass of a
best-1 homodimer is 136 kDa. Therefore, our data suggests that
best-1 forms stable homodimers when solubilized in Triton X-
100. We cannot however exclude the possibility that these
complexes represent a heterodimer of best-1 and best-2. Prior
studies using RT-PCR have suggested that best-2 is expressed
by the RPE [40]. If sized similarly to its human ortholog, the
porcine best-2 splice variant would be predicted to have a
monomeric mass of ∼57 kDa. Since the hydrodynamic analysis
used is insufficient to resolve best-1 homodimers (∼136 kDa)
from best-1/best-2 heterodimers (∼125 kDa), future studies will
be required to address this possibility. Regardless, the results
obtained here indicate that the minimal unit of best-1 function is
a dimer.
This finding is consistent with the previously proposed
notion that best-1 functions as an oligomer, but differs in
absolute stoichiometry, as determined in HEK 293 cells
[41]. That study found a tetrameric (or pentameric) subunit
stoichiometry, suggested to reflect best-1 function as a Cl−
channel. Our finding that best-1 is extracted from RPE
membranes in a dimeric form does not preclude the
possibility that Triton X-100 solubilization disrupts a
higher-order structure present in RPE membranes; however,
we are not aware of precedents for this type of behavior
amongst eukaryotic ion selective channels. We have shown
that a large fraction of best-1 in transfected HEK 293 cells
is present as higher order aggregates that are not present in
native RPE cells. It is possible that the tetrameric (or
pentameric) stoichiometry measured for recombinant best-1
also reflects a non-native property. Determination of
membrane protein stoichiometry in situ is a difficult
proposition, as evidenced by long-running debates for
proteins as plentiful as rhodopsin [42,43]. Our findings
illustrate the utility of comparing biochemical data obtained
from recombinant proteins expressed in a heterologous
system to the native protein derived from its tissue source,and suggest that additional study will be required to
determine the stoichiometry of the best-1 functional unit in
RPE membranes.
In summary, here we demonstrate that native best-1
solubilized in Triton X-100 forms dimers rather than the
homo-tetramers predicted based on examination of recombinant
protein overexpressed in a heterologous cell culture system. The
difference in stoichiometry may result from the formation of
aggregates of best-1 in transfected cells and/or differences in the
behavior of membrane-bound vs. detergent solubilized protein.
The hypothesis that best-1 functions as a calcium-activated Cl−
channel in the RPE is in part based on the proposed tetrameric
structure of the protein. Our recent findings in Vmd2 deficient
mice (our unpublished observations), and the finding that best-1
alters the kinetics of voltage dependent Ca++ channels [22]
suggest that best-1 may be capable of functions other than or in
addition to Cl− ion transport. Further studies are necessary to
better understand the structure of best-1 and how that structure
facilitates the functions of the protein.
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